Conditions were found under which the processes of repression and derepression of ornithine transcarbamylase were separated from the process of enzyme synthesis. After 10 min of arginine deprivation followed by the addition of 2 to 200 ,ug of Larginine per ml, a number of strains of Escherichia coli exhibited a significant burst of ornithine transcarbamylase synthesis which lasted 3 to 4 min before the onset of repression. The rapid increase of enzyme activity was shown to require protein synthesis, and was not due to a slow uptake of arginine or induction of an arginineinducible ornithine transcarbamylase. The capacity of E. coli to synthesize the burst of ornithine transcarbamylase reached a maximum after 10 min of arginine deprivation and then remained constant. The observed increase in enzyme synthesis may reflect the level of unstable messenger ribonucleic acid (RNA) for ornithine transcarbamylase present in the cell at the time protein synthesis was reinitiated. After the addition of arginine in the absence of protein synthesis, the burst of ornithine transcarbamylase decayed with a half-life of about 3 min. The data implied that arginine prevents synthesis of new messenger RNA that can translate this enzyme. Repression of ornithine transcarbamylase by L-canavanine (100 to 200 ,g/ml) was observed, and no active enzyme was formed in the presence of this analogue. The action of canavanine as a repressor was distinguished from the inhibitory effect of this compound on protein synthesis.
Repression of all eight biosynthetic enzymes associated with arginine production in Escherichia coli depends on two conditions. First, the concentration of endogenous L-arginine must be greater than that required to maintain protein synthesis (3) , and, secondly, the arginine-regulator gene (arg R) must be functional (7, 17) . Such bacteria subject to repression by arginine rapidly synthesize these eight enzymes upon removal of the arginine from the medium (derepression). As a result of the temporary depletion of arginine, protein synthesis is slowed, growth lags, and the synthesis of the enzymes essential to the production of the depleted arginine is delayed. Thus, arginine, which plays a role in repressing the synthesis of a biosynthetic enzyme such as ornithine transcarbamylase (EC 2.1 .3.3, carbamoylphosphate:L-ornithine carbamoyltransferase) (8) , must also be a structural part of this enzyme. During this transition period, it is assumed that the messenger ribonucleic acid (RNA) molecules prerequisite for the production of these biosynthetic enzymes are rapidly produced, since it has been shown that messenger RNA synthesis continues during amino acid starvation (5) .
The rate of synthesis and decay of specific messenger RNA for ,B-galactosidase during induction and repression has been determined indirectly by measuring the synthesis of this enzyme (9, 12) . Nakada and Magasanik (19) separated the phase of induction from the phase of ,3-galactosidase synthesis. They interpreted the appearance and disappearance of the capacity to produce this enzyme in terms of the production of an unstable messenger RNA for ,B-galactosidase. Edlin and Maaloe (2) studied the synthesis and breakdown of alkaline phosphatase messenger RNA using a double mutant of E. coli, which was constitutive for alkaline phosphatase but produced a nonsense message for that enzyme.
We report here that, after a short period of arginine deprivation, E. coli strains sensitive to arginine repression build up a capacity to synthesize ornithine transcarbamylase. When excess arginine is added, a significant and rapid burst of ornithine transcarbamylase synthesis begins 409 FAANES AND ROGERS immediately and lasts 3 to 4 min followed by normal arginine repression. The conditions for production and decay of the bacterium's capacity to elicit this burst of ornithine transcarbamylase synthesis are described. The data suggest that the burst of enzyme activity is related to the amount of specific messenger RNA for ornithine transcarbamylase present in the cell at any time. A method is provided whereby the role of arginine and canavanine in the synthesis of this enzyme can be separated from the participation of these amino acids in repression. A preliminary report of some of these findings has already been published (Faanes and Rogers, Bacteriol. Proc., p. 83, 1966) .
MATERIALS AND METHODS Bacterial strains. E. coli strain 323, an arginine auxotroph blocked after citrulline, and E. coli strain 677, an arginine auxotroph unable to make active ornithine transcarbamylase (both derived from E. coli strain K-12), were obtained from G. David Novelli. E. coli strain M-19-2, a tryptophan auxotroph, and E. coli strain M-43-5, a leucine auxotroph (both derived from E. coli strain W), were supplied by W. K. Maas. E. coli strain W, a wild type, was used in some experiments. All of the above strains are repressed (arg R+) in the presence of exogenous arginine.
Growth conditions. The AF-medium used to grow cells for inocula and for most experiments contained: inorganic salts; medium A, as described by Davis and Mingioli (1); 1% glucose; and a defined arginine-free mixture of amino acid, vitamins, purines, and pyrimidines (20) . In experiments with actinomycin D, the minimal medium devised by Levinthal, Signer, and Fetherolf (16) , supplemented with 10-3 M phosphate, 1% glucose, and the arginine-free supplement (20) was used. The generation times of our strains in these media were 40 to 45 min.
E. coli strains were grown with aeration at 37 C in the AF-medium plus arginine (200 ,ug/ml), and were harvested during exponential growth (3 X 108 to 6 X 108 cells/ml E. coli was treated with ethylenediaminetetraacetic acid (EDTA) prior to experiments employing actinomycin D by a modification of the method described by Leive (14) . After harvesting, cells were washed once with minimal salts and once with 0.12 M tris(hydroxymethyl)aminomethane (Tris),pH 8.0, by 3-min centrifugations at 5,000 X g. The washed cells were suspended in 0.12 M Tris-chloride buffer, pH 8.0, with 5 X 10-4 M EDTA and were incubated for 2 min at 37 C. After this sensitizing period, the cell suspensions were diluted into 15 volumes of warm fresh medium. In our experiments, this procedure yielded the longest period of sensitivity to actinomycin D with a minimum of cell lysis.
Cell fractionation and radioactive assay. RNA synthesis was monitored by growing cells with 3H-uridine and measuring incorporation of radioactivity into cold acid-insoluble cell material. Identical results were obtained when the more extensive fractionation procedure of Schmidt and Thannhauser was used (24) . Samples (1 ml) were withdrawn from the cultures at various times and added to 1 ml of ice-cold 10% trichloroacetic acid. After 1 hr at 4 C, the precipitates were collected by suction on filters (25 mm, pore size 0.45 ,u; Millipore Corp.) and were washed three times with S ml of cold 5% trichloroacetic acid. The filters were air-dried and placed in glass counting vials. A 10-ml amount of scintillation fluid was added [100 mg of 1 ,4-bis-2(5-phenyloxazolyl)-benzene and 4 g of 2,5-diphenyloxazole per liter of toluene], and radioactivity was determined with a Tri-Carb liquid scintillation spectrophotometer (Packard Instrument Co., Inc., Downers Grove, Ill.).
L-Leucine incorporation into acid-insoluble material was used as an indicator of the rate of protein synthesis. '4C-L-leucine (0.39 ,uc/ml) was added (20 ,Ag/ml) to each flask at zero-time; 1-ml samples were removed from cultures at various times and were mixed with 1 ml of cold 10% trichloroacetic acid. After about 1 hr at 3 C, the samples were heated at 90 C for 30 min, and the precipitates were collected on filters (25 mm, pore size 0.45 ,u; Millipore Corp.). The filters were washed with 5% trichloroacetic acid, airdried, and placed in glass counting vials for assay of radioactivity as described above. 14C-L-arginine incorporation into protein was monitored by the same procedure.
Arginine uptake. Exponentially growing cells of strain 323 were washed as described above, and were suspended at 4 X 108 cells/ml or at about 1 mg of wet cell mass/ml in flasks containing 10 ml of AF medium. The cultures were agitated at 37 C, and chloramphenicol (100 ,Ag/ml) was added to each flask 5 min prior to arginine addition. "4C-L-arginine was added to each flask to the final concentration and specific radioactivity shown in Table 1 . Samples (1 ml) were removed at 15-sec intervals and were rapidly filtered on membrane filters (25 mm, pore size 0.45 jA; Millipore Corp.); then the filters were air-dried, placed in glass counting vials with 10 ml of scintillation solution, and assayed for radioactivity as described above.
Assay of ornithine transcarbamylase. At the times indicated, 2-ml samples of the cultures were pipetted into iced test tubes containing four drops of toluene, REPRESSION OF ORNITHINE TRANSCARBAMYLASE immediately mixed, and stored at 3 C. Samples were treated, and ornithine transcarbamylase activity of the cell suspensions was measured by a variation of the method of Jones, Spector, and Lipmann (11), as described previously (21) . One unit of enzyme activity equals 1 ,umole of citrulline formed per min at 37 C. We found no evidence for direct activation of presumably inactive ornithine transcarbamylase by L-arginine or toluene during the above procedures. 
RESULTS
Characteristics of the arginine-promoted burst of ornithine transcarbamylase synthesis in an arginine auxotroph. Cells of the arginine auxotroph E. coli strain 323 were grown in AF medium plus L-arginine (200 ,g/ml), filtered, and suspended in the arginine-free medium. The effect of adding 200 Mig of L-arginine per ml on ornithine transcarbamylase synthesis after various periods of arginine starvation was examined (Fig. 1) . Arginine added at 0 min allowed a slow "repressed level" increase in ornithine transcarbamylase, and in this case growth was exponential. However, after 10, 36, and 60 min of arginine starvation, addition of 200 Mug of L-arginine per ml resulted in a rapid and significant increase in this enzyme activity lasting 3 to 4 min. After 4 min, the added arginine regulated further increases in enzyme activity. The same results were obtained after the addition of L-arginine at concentrations ranging from 2 to 200 ,g/ml. The length of the argininedeprivation period required to produce this arginine-promoted burst of ornithine transcarbamylase activity was then determined (Fig. 2) . After only 2 min of arginine starvation, a small burst of enzyme synthesis was observed upon arginine addition. However, it appeared that the maximal capacity to make this enzyme was reached between 5 and 10 min under these conditions.
Three possible explanations for the observed burst of ornithine transcarbamylase activity promoted by arginine were examined. First, it is possible that the burst of enzyme activity was simply due to arginine activation of pre-existing enzyme molecules. However, we did not observe any enhancement of enzyme activity when arginine was added during or after toltuene treatment of cell samples taken from cultures deprived of arginine for 10 min. Furthermore, it was shown that the simultaneous addition of chloramphenicol and arginine prevented the increase in activity (Fig. 3) ,pg/ml). The cultures were allowed to incubate until growth stopped due to arginine depletion. At 0 min, the following additions were made: chloranphenicol (20 ,ug/ml) and L-arginine (50 ,ug/ml), 0; and L-arginine (50 Mg/mm), 0. experiments, only 1.2 ,moles of arginine was required per g (wet weight). Thus, during the first minute after L-arginine addition, the arginine uptake was over four times that required for protein synthesis.
A third possible explanation for the rapid increase in enzyme activity was that a distinctly different ornithine transcarbamylase was induced by arginine addition after a period of arginine starvation. E. coli strain 677 is an arginine auxotroph which does not produce active ornithine transcarbamylase. Experiments identical to that shown in Fig. 1 were carried out with this strain, and no enzyme activity developed when arginine was added. Also, it was not possible to show the formation of an inducible ornithine transcarbamylase in any of the E. coli strains used in these studies by incubation of the bacteria for 8 hr with arginine as the sole nitrogen source or the sole carbon source.
The arginine auxotroph was exposed to various analogues, and the 4-min level of enzyme activity was compared with that obtained by L-arginine addition ( Table 2 ). The results demonstrated that none of the analogues tested allowed a burst of ornithine transcarbamylase synthesis comparable to the arginine control. Of the analogues tested, only L-canavanine has been shown to replace arginine in E. coli protein (23) . It can be seen from Table 2 that canavanine did not promote the burst of synthesis of ornithine transcarbamylase.
Using the sensitization procedure described by Leive (14) , we studied the effect of actinomycin D on the development of the capacity to synthesize ornithine transcarbamylase during arginine deprivation (Fig. 4a) . When actinomycin D (10 ,ug/ml) was added to EDTA-sensitized cells of the E. coli arginine auxotroph, no burst of ornithine transcarbamylase was seen when arginine was added 15 min later (Fig. 4) . Addition of b L-Arginine was added in the amounts shown at 0 min, and the cultures were incubated for 20 min.
c Tryptophan and excess arginine (100,ug/ml of each) were added to each culture and samples were withdrawn at various times for enzyme assay. Only the difference between enzyme levels at 0 and 4 min after tryptophan addition is shown in the table. was observed than that of the control. Further experiments (not shown here) indicated that no burst of enzyme synthesis was noted when arginine was added at 20 or 30 min following the addition of actinomycin D at 9 min. In all experiments, RNA synthesis was monitored by 3H-uridine incorporation (Fig. 4b) . There was no 3H-uridine uptake into cold acid-soluble material after the addition of actinomycin D. Thus, the buildup of the arginine-promoted burst of ornithine transcarbamylase synthesis during arginine deprivation required RNA synthesis, whereas the burst itself occurred in the absence of RNA synthesis.
Relation of the arginine-induced burst of ornithine transcarbamylase to normal derepression. E. coli strain W, a wild-type repressible strain (8) , was examined for the development of the arginine-induced burst of ornithine transcarbamylase during the early phase of derepression (Fig. 5) . A lag of about 12 min was found for normal derepression (Fig. 5) . As predicted, the wild strain mimicked the arginine auxotroph, when arginine was added during the early stages of derepression. The maximal rate of derepressed synthesis of ornithine transcarbamylase was reached at about 30 min in these experiments. In a separate experiment (not shown), arginine was added at 30 min and a lag of about 30 sec was detected before enzyme synthesis was repressed. Measurement of the burst heights again revealed that a maximum was reached about 10 min after removal of exogenous arginine, as shown with the arginine auxotroph (compare Fig. 2 and Fig.   5 ). r It is possible that starvation for any amino acid could disrupt normal repression control and permit a buildup of the capacity for ornithine transcarbamylase synthesis. However, we hypothesize that a period of arginine deprivation was required to build up the synthetic capacity for this enzyme, and that the burst of activity noted upon arginine addition was due to its role as a required amino acid for protein synthesis. With other amino acid auxotrophs, it was possible to distinguish between these dual roles of arginine. Tryptophan and leucine auxotrophs of E. coli strain W were grown in AF medium plus 200 j,g of L-arginine per ml in order to repress ornithine transcarbamylase activity to a low level. Membrane-washed cells were distributed in warm AF medium minus leucine (Fig. 6 ) or minus tryptophan (Fig. 7) . The data showed that addition of the required amino acid alone after 10 min of starvation promoted normal derepression of ornithine transcarbamylase similar to that shown for the wild type. That the lag was due to arginine limitation was illustrated by adding both arginine and the required amino acid simultaneously. In all cases, the rapid burst of enzyme synthesis was followed by repression. Arginine added at zero-time prevented any burst of enzyme synthesis, as for example when leucine was added after 30 min of leucine starvation (Fig. 6) . The same results were shown with the tryptophan mutant (Fig. 8) . Thus, arginine repression was not disrupted by a period of starvation for other amino acids. During amino acid deprivation together with release of arginine repression, a slow rate of ornithine transcarbamylase was consistently observed (see Fig. 2, 6, 7) . If a small pool of the required amino acid was available due to leakage through the mutant block, the addition of arginine alone might be expected to promote a small burst of enzyme synthesis. In fact, adding only arginine to the leucine mutant did yield a small burst of enzyme (Fig. 6) . No (Table 2) , it is possible that this analogue of arginine is effective in the repression of this enzyme (17) . To test this possibility, L-canavanine (50 ,ug/ml) was added at zero-time to washed E. coli strain 323 suspended in AF medium, and then arginine was added 10 or 60 min later (Fig. 10) . The lowered burst of enzyme synthesis obtained suggested that canavanine, at this concentration, produced partial repression. The maximal capacity to produce ornithine transcarbamylase appeared in these cells after 10 min of arginine deprivation (Fig. 2) . Canavanine added at this time, followed by arginine at 15, 20, or 60 min, resulted in the same lowered burst height (Fig. 11) , showing that canavanine quickly reduced the capacity to make this enzyme. When canavanine and arginine were added simultaneously (Table 4 , experiment 1), the normal burst height was observed. Thus, canavanine did not interfere with the synthesis of the enzyme upon arginine addition. Experiments 2 and 3 (Table 4) show that complete repression of the burst of ornithine transcarbamylase synthesis was observed when the concentration of canavanine was increased to 200 ,ug/ml. This result was consistent whether the canavanine was or was not removed by washing prior to the addition of arginine. min, O; canavanine added at 0 min followed by arginine at 10 min, 2; arginine ad3ed at 60 min, canavanine added at 0 min followed by argnitne at 60 min, A. Because it was previously shown that canavanine immediately reduces the rate of both RNA and protein synthesis in this strain of E. coli (23) , it is possible that the conclusion that canavanine is acting as a repressor is unwarranted. Two experiments were designed to examine repression by canavanine more closely. Washed exponential cells of E. coli strain 323 were divided into three portions in warm AF medium and were preincubated for 8 min with arginine, or canavanine, or neither (Table 5) . After a second washing, each culture was suspended again in warm AF medium and samples were exposed to 100 ,ug of L-arginine per ml at the times shown. The observed 4-min increases in ornithine transcarbamylase activity revealed two points. First, during the 8-min exposure to arginine or canavanine, repression was maintained, whereas after 8 min in the absence of arginine, a burst of enzyme synthesis was observed when arginine was added at zero-time. Secondly, at 10 min and at 30 min after canavanine was removed, the cells recovered the ability to display the arginine-augmented burst of enzyme synthesis similar to the plus arginine control. It is true that the burst heights obtained after canavanine exposure were lower and the recovery time appeared to be longer. This will be discussed below. It was evident that the 8-min exposure to canavanine had little or no a Filter-washed E. coli strain 323 cells were suspended at 5 X 108 cells/ml and incubated in three media for 8 min as indicated (preincubation conditions). The three cultures were quickly harvested, washed once in distilled water, and suspended in warm AF medium. After incubation without arginine for the times indicated, one third of each culture was transferred to a warm flask containing L-arginine (final concentration, 100 jAg/ml), and the incubation was continued. After arginine addition, samples were withdrawn at 2-min intervals for enzyme assay, and enzyme levels at 0 and 4 min are shown. Effect of canavanine on recovery ofprotein synthesis and the capacity to synthesize ornithine transcarbamylase (OTC). E. coli strain 323 (arg-) was treated as described in Table 5 . Two cultures were preincubated for 8 min as follows: AF medium plus Larginine (100 ,ug/ml), 0; AF medium plus L-canavanine (100 ,ug/ml, 0. After harvesting and washing, cultures were suspended in warm AF medium and '4C-L-leucine was added at 0 min. Arginine (100 ;Lg/ml) was added to portions ofeach culture at 0, 11, and 30 min. effect on protein synthesis after subsequent arginine addition at 0, 11, and 30 min (Fig. 12) .
It was demonstrated above that arginine repressed the burst of ornithine transcarbamylase during tryptophan starvation of a tryptophanrequiring mutant when protein synthesis was largely blocked. A similar experiment was performed to test the effect of various concentrations of L-canavanine on repression (Table 6 ). Whereas 2.5 ,g of arginine per ml was sufficient to repress the burst of ornithine transcarbamylase in the absence of protein synthesis, 200 Mg of canavanine per ml was required with the same organism. We are convinced that the observed effects were due to canavanine alone and not to contaminating arginine in our preparation. With a modification of the Sakaguchi test (10) , chemical assay of the canavanine for arginine indicated less than 0.1 % contamination by arginine.
DISCUSSION
The method presented above allowed for the separation of the phases of repression and derepression of ornithine transcarbamylase in Escherichia coli from the phase of enzyme synthesis. As a result, the role of arginine and canavanine as corepressors was distinguished from their role as precursor-amino acids for enzyme synthesis. Our experiments are similar to reports of Nakada and Magasanik (19) The central feature of our experiments was the measurement of a significant but short-lived burst of ornithine transcarbamylase activity that developed in arginine-deprived cells immediately upon addition of arginine or arginine in combination with another amino acid required for maximal protein synthesis. The burst of enzyme activity was shown to represent new ornithine transcarbamylase synthesis, since (i) chloramphenicol added with arginine prevented the burst; and (ii) a maximal burst occurred only upon adding both arginine and leucine or arginine and tryptophan to strains requiring leucine or tryptophan, respectively. Since these strains were repressed for the arginine biosynthetic enzymes by growth with arginine prior to removal of tryptophan or leucine, the small arginine pool did allow a lower burst of enzyme synthesis upon adding either leucine or tryptophan alone. Since adding arginine alone after 20 min of tryptophan starvation of a tryptophan auxotroph yielded an insignificant burst of ornithine transcarbamylase synthesis, it was possible to show a significant burst of enzyme 2 min later upon adding tryptophan (Fig. 7) . These data revealed that the role of arginine in promoting the burst was that of an amino acid essential for enzyme synthesis. The data showing that no burst occurred upon addition of a number of arginine analogues also support this view. Since canavanine is extensively incorporated into E. coli protein under the conditions of these experiments (23) , it is likely that the enzyme made in the presence of this analogue was inactive.
A possible explanation for the initial rapid increase in enzyme level is that arginine was taken up by these cells very slowly. However, the preliminary experiments presented demonstrated that E. coli strain 323 concentrated four times more arginine in 1 min than it used in protein synthesis during the same time. Ennis and Gorini (3) showed that repression occurs in steady-state growth under conditions where arginine is in excess of the amount required for protein synthesis. But the burst of ornithine transcarbamylase lasted 3 to 4 min, whereas enough arginine was available for repression in the cell before 1 min in most experiments. Furthermore, the 3-to 4-min burst was still observed when tryptophan was added 2 and 5 min after the addition of 200 ,ug of arginine per ml in experiments with the tryptophan auxotroph (Fig. 8) . Thus, the data strongly indicate that the burst of ornithine transcarbamylase measured a state of the enzymeforming system resistant to arginine repression. Indeed, we cannot rationalize our data on increase and decay of the burst height or the consistent kinetics of the burst itself on the basis of a slow uptake of arginine.
The average net burst of ornithine transcarbamylase synthesis attained in 4 min in our growth medium was about 0.1 unit per 109 organisms. Using a molecular weight of 60,000 and a specific activity of 2,000 units/mg for pure ornithine transcarbamylase (22) , we calculate that the burst represents 400 to 600 new molecules of enzyme per cell, which is a significant capacity for enzyme synthesis.
The evidence presented clearly indicates that a definite period of 5 to 10 min of arginine deprivation is essential for the accumulation of the maximal burst or ornithine transcarbamylase synthesis. This derepression phase was indicated for strain 323, strain W, and strain M-43-5. That the washing procedures were not responsible for the absence of a burst when arginine was added immediately upon suspension of cells in fresh medium was demonstrated by the control experiment in Table 5 . Furthermore, our data indicate that it was specifically a period of arginine deprivation that was required during the derepression phase. Deprivation of leucine and tryptophan auxotrophs for the required amino acid in the presence of arginine, followed 418 by the addition of leucine or tryptophan, yielded no burst of enzyme synthesis. Clearly, complete arginine starvation is not a necessary condition for the derepression phase to occur, since the arginine-augmented burst of enzyme synthesis was observed during the early course of derepression of the wild-type E. coli strain W. Here, the cell was constantly increasing its ability to produce arginine. The rapid increase in enzyme synthesis upon arginine addition indicates a capacity to make ornithine transcarbamylase far exceeding that apparent from observing the appearance of enzyme during normal derepression.
Leive and Kollin (15) demonstrated synthesis, utilization, and degradation of lactose operon messenger RNA by induction of 3-galactosidase and thiogalactoside transacetylase in E. coli with and without added actinomycin D. The requirement for RNA synthesis during the derepression phase of ornithine transcarbamylase is strongly suggested by the finding that the addition of actinomycin D at the time arginine was removed prevented the burst of enzyme synthesis when arginine was again added (Fig. 4) . Yet (4) and Kepes and Beguin (13) , which indicated that after repression preformed specific messenger RNA codes for synthesis of complete polypeptide chains and decays at a rate similar to messengers as a whole. The phase of repression was successfully separated from the phase of enzyme synthesis in this system by adding tryptophan to a tryptophan auxotroph at various times after arginine addition. The exponential decay in the burst heights with a half-life of about 3 min (Fig. 9) supports the view that arginine immediately limits synthesis of new messenger RNA for ornithine transcarbamylase, and that the decreasing burst heights reflect the decay of messenger for this enzyme accumulated in these cells prior to arginine addition. Using the same technique, we found that during tryptophan limitation only 2.5 ,ug of arginine per ml was required for repression, whereas 200 ,ug of Lcanavanine per ml was essential for complete repression. Earlier work has suggested that canavanine is (17) or is not (25) a corepressor for ornithine transcarbamylase synthesis. Also, it has been shown that the same strains of E. coli that we used are severely affected by canavanine (50 j,g/ml or more) during arginine limitation (23) . Depending upon canavanine incorporation into protein, this analogue causes a reduction in the rates of RNA and protein synthesis and, after a 30-min lag, an exponential loss of viability (23) . Our data indicate that the corepressor function of canavanine is not related to these other effects on the cell. First, incubation with canavanine (50 Ag/ml) for 10 or 60 min yielded the same reduced burst height when arginine was added ( Fig. 10 and 11) . Secondly, an 8-min exposure of strain 323 to canavanine (100 ,ug/ml) maintained repression of ornithine transcarbamylase identical with arginine (Table 5) , and there was no apparent reduction in the ability of these cells to synthesize protein (Fig. 12) . Thirdly, the canavanine concentrations required to repress the burst of ornithine transcarbamylase synthesis were apparently the same whether protein synthesis did or did not occur during exposure to this analogue.
After washout of canavanine, a slow recovery of the capacity to form a burst of ornithine transcarbamylase synthesis was noted when the cells were compared to cells repressed with arginine (Table 5 (26) .
